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PREFACE

This report is a summary of the results of all studies con-
ducted under Contract DA 19-129-AMC-582(N) between the University
of Texas and the U.S. Army Natick Laboratories. In addition, a
list of suggestions is given for guidance of designers of military
vehicles which must be rugged enough for airdrop.

The report consists of four sections as follows

1. High Velocity Drops

2. Paper Honeycomb Evaluation Studies

3. Analytical Studies

4. Suggestions for Design Improvement

Engineering Mechanics Research Laboratory personnel who
have contributed significantly to this work include W.L. Guyton,
David Wiederanders and Garland Spretz. Helpful suggestions and
constructive criticism have come from Edward J. Giebutowski and
Harry Freeman of the U. S. Army Natick Laboratories.

To all of these individuals for their contributions, and to
the Natick Laboratories for continued support of this research,
we express our gratitude.

E. A. Ripperger
Director
Engineerina Mechanics Research Laboratory
Tho University of Texas
Austin, Texas

Augus t 31, 1907
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ABSTRACT

Results of all investigations undertaken under Contract
DA 19-129-AMC-582(N) are summarized. This includes (1) studies
of high velocity airdrops of M37 3/4-ton truck, Ml01 3/4-ton
trailer, and M2AI 105mm Howitzer, (2) development of a "drive-
off" cushioning system for the 3/4-ton truck, (3) comparative
study of paper honeycomb testing techniques in use at the U.S.
Army Natick Laboratories and at the University of Texas, (4)
development of a simple, quick honeycomb tester, and (5) analytical
studies of the response of vehicles to ground impact.

In addition, rules of thumb for the guidance of designers
of vehicles which may be airdropped are listed, and suggestions
for improvements in the designs of specific vehicles are given.
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HIGH VELOCITY DROPS

Twenty-five feet per second has been the nominal impact
velocity for design computations for cushioning systems for air-
drop of equipment and supplies for several years. There are
certain advantages, however, to be gained by using a higher im-
pact velocity. Not the least of these is economy. It has been
shown that an appreciable economy can be effected by using more
paper honeycomb to dissipate energy at impact and fewer, or
smaller parachutes to retard the drop. The breakover point de-
pends upon the relative ccsts of cushioning material and parachutes.
Turnbow and Steyer* have shown with cost data available in 1955
that the optimum impact velocity is between 30 and 100 fps. Other
advantages include a reduction in dispersion of dropped material,
increased accuracy insofar as hitting the target area is con-
cerned, and reduced time in the air.

In recognition of the advantages which may be realized,
studies were initiated under Contract DA 19-129-QM1383 and con-
tinued under Contract DA !9-129-AmC-582(N) to investigate the
practical problems of cushioning vehicles against high impact
velocities, to discover what, if any, hidden problems may exist,
to determine maximum practical impact velocities and design
accelerations.

Primary objectives have been to

1. verify that vehicles can be dropped successfully
at impact velocities as high as 50 fps

2. determine the design acceleration which should be
osed

3. work out essential details of a prototype cushioning
system

4. observe the damage susceptibility of veh-icles used
in the studies.

Your vehicles were included in the program. One of these,
the M151 (jeep) was inves~igated arid reported upon during the
previous contract period. The other three include the M37,3/4-

* Turnbow, J.W. and C.C. Steyer, 7P;'o,'o for ,ir iiop,

A F , 2, 'Iror, ('oe 'a , Structural Mechanics Research
Laboratory, The Un•.versity of Texas, Austin, 1955.

** Watson, Hal Jr., grotoz,; iipcot .;;ýook.."i iq tio: ... , Uti*ZitU*'
y;i{c~c (Jcc. ), SNRL RM 12, Structuril Mechanics Research Laboratory,

T 1• University of Texas, December 1964.
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ton truck, the MIO1, 3/4-ton cargo trailer, and the M2Al, 105mm
Howitzer.

Results of studies of these vehicles are reported in detail
i n

Ground impacat ShoCk. M.!iti *ation Cargo Tr2ucU, -ý/4-To;
,'13?, EMRL TR 1011, December 1966.

Ground impao• Shock Mit ,3ation Cargo 7'Iral eZ 'IO ,

3/4-ToIL, EMRL TR 1025, July 1967

Croz, nd impact Shook Nitioatior, Howitzer ý05mm M2AI,
EMRL TR 1020, July 1967

These results are briefly summarized as follows.

M37 Truck

This vehicle was dropped a total of eight times at impact
velocities ranging from 24 to 54.1 fps. Desiqn accelerations
ranged from 18.5 to 3 0g.

As a result of these drops, it was concluded that

1. This vehicie can be dropped to land at an impact
velocity of 50 fps using essentially the same techniques ased
for dropping at 25 fps.

2. A design acceleration of 30g provides adequate
protection for the vchiclc at the highest impact velocity. This
acceleration should be used even at low velocity drops to reduce
the required stack heights to a minimum.

The vehicle was still operational after these drops, but some
minor damage had been inflicted. There were indications, however,
that more serious difficulties could develop; difficulties that
would make the vehicle inoperational.

Problems most often occurred around the front motor mount
and crankshaft pulley. Any permanent vertical movement of the
motor on its r:ubber shock mounts in excess of 1/8-in., or any
permanent axial movement of the motor in excess of 3/32-in.
causes interference between the crankshaft pulley or the grease
shield on the crankshaft and the front supporting yoke. This
would not render the vehicle inoperable, but the noise it pro-
duccd would probably cause a good deal of hesitation in the use
of the vehicle before the damage could be assessed. More clearance
and stronger frame members around the motor would take care of
this problem. Also, a rugged system foi limiting axial motion of
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the motor should be providea.

'Tho bed of the truck appears to be easily deformed by the
1500 lb. dead load carried during the drops. A loadspreader or
pallet should be provided in the bed of the truck during actual
drops if the bed is not made more rugged.

Other areas in which damage was observed were the left mount
of the gear-reducer ihousing and the front and rear drive shafts.
Damage to the drive shafts was caused by the loadspreaders during
impact after rebound. This type of damage was prevented in later
drops by modifying the loadspreader. The supports for the gear
reducer housing need to be made more rugged. The frame is rather
easily bent just behinc the cab if cushioning is not properly
distributed.

One potentially serious difficulty observed was closure of
the contact points in the voltage regulator. This connected
the generator to the battery and since the generator was not
running, it acted as a dead short across the battery. The
heavy current drawn welded the contact points together and only
quick action kept the battery from being completely discharged.

Suggested design procedures to eliminate or minimize these
difficulties will be listed later.

Mi01, 3/4-ton Cargo Trailer

This vehicle was included in the test program because it is
representative of a class of non-powered vehicles used in large
numuers by the Army. The trailer was dropped five times at impact
velocities ranging from 25 to 5 fps. i)esign accelerations varied
from 20 to 309.

It was concluded that

1. the M,101 trailer can be safely dropped at impact
velocities as high as 50 fps using essentially the same techniques
cmployed for dropping at 25 fps.

2. a 30g design acceleration. provides adequate pro-
tection for the vehicle and should be used even at lower impact
velocities to reduce tha required stack heights and to give
additional stabality to the cushioning systcm.

Damage done to the vehicle during this test program is
listed as follows

I. The heads of several of the bolts which hold the
be1 to the - r .aiU 2,.;ere bYrokbr n off.
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2. The bed of the vehicle was bent slightly.

3. One of the shock absorbers was bent when it came
down on a cushioning stack during the rebound phase.

To minimize or eliminate these failures, the followirng steps
should ce taken.

1. Redusign the tie down bolts to eliminate the extreme
stress concentration which develops at tih point where the head
of the bolt joins the body. In the present design, there is a
very sharp reentrant corner at that point. In addition to the
modification of the bolt, the tie down system should be redesigned
to eliminate the unsymmetrical clin arrangement which causes a large
bending moment to be applied to the bolts.

2. Make the floor of the bed of the vehicle more
rugged. This can best be done by a combination of more stiffeners
and heavier gauge metal in the bed itself. If the vehicle could
be designed so as to allow cushioning to be placed directly
against the underside of the bed, no additional ruggedness in
the bed itself would be required. In any event, if the trailer
is loaded when dropped, the load should be palletized.

3. The shock absorber difficulty was eliminated by
a slight change in position of the rear cushioning stack.

It was noted in these drops that if the center of gravity
of the load is not dir.ctly over the center of the platform
(which is also the location of the resultant of the drag forces)
a turning moment is applied to the vehicle during its fall and
this moment is sufficient to cause appreciable rotation of the
platform. Impact with the platform and vehicle in a tilted
att-.tude is likely to be more severe than a plane or nearly
plane impact.

M2AI 105.mnm H.owitzer

This weapon was included in the high velocity drop program
because it is a typical unsprung vehicle with a high concentration
of mass. Also, it is highly essential that this weapon be
capable of successful airdrop. Impact velocities in the test
series ranged from 25 to 54 fps and design accelerations were
20 and 30g..

it was concluded that this weapon can be safely dropped at
impact vulocatiýes in exccss of 50 fp,; using esze,ntially the
same techniques used for 25 fps drops. A design acceleration of
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30g provides adequate protection for the vehicle but there is
'some indicatio.- thLatý tihe vehicle is sufficientl" rugged to with-
stand a 40g acccler ztion.

The hov;itzer was not damaged in any detectable way by this
test program,. It was noted, however, that when tire pressures
are unequal, the vehicle has a tendency to rebound with a
rotational motion around the fore and aft horizontal axis. If

tire pressures are equal, this does not occur.

Measured average accelerations appear to agree a little
more closely with design accelerations for the unsprunig 105mm
howitzer than for the sprung vehicles. This is consistent with
the thought that the flexibility of a vehicle provides some
shock mitigation for the interior parts. The evidence is not
extensive enough to warrant any firm conclusions, however.

DRIVE OFF STUDIES

In past operations, airdropped vehicles have been x'cýked,
or pushed off the cushioning system by manpower or by using one
vehicle freed in that manner to pull other vehicles off their
cushions. It would speed up deployment if the driver of a
vehicle could simply cast off the tie down straps, get in the
vehicle, and drive away. The problem of providing this capability
is complicatec, by the variatons which- occur in the impact
velocity. A range from 15 to 20 fps has been reported.

In addition, it is desiralhle to be able to drive a vehicle
off of its cushioning systcm even though it has not been dropped.
This capability would make it possiblo to rer'ove vehicles from
cusnioning systems in forward areas -where auxlliary lifting
equipment may not be available.

A study was made of the drive-off problem using the M37
3/4-ton truck as the vehicle. Eight drops were made at velocities
which ranged from 15 to 28 fps and with design accelerations
which ranoed from 17.5 to 30 g. One drop was made with the
truck rolled 15 degrees about the longitudinal axis. Another
drop was mace with the truck pitched 8 degrees about the
transverse axis. This was the samc truck that had pre, iously
been dropped 8 times at impact velocities as high as 54 fps.
A satisfactory drive off capability was achieved by using 17.5g
as the design acceleration and 9 cushioning sta,_-.s as shown in
Flig. 1 and Table ]. In addition to these cush'ior '.ng stacks,
a ramp systCm o f paper honeycomb, as shown in F-ig "' was included
to prov\,du the drive-off capability. With this -oning arrange-
ment, tlic truck was dropp-2d from 10 feet (31,.-).ct v,'iocity = 25
fos) with a tilt of 8 degrees abouL the transverse axis, and
again from 3.5 feet (impact velocity 15 fps) with no tilt. In

L4
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TAE1LL F

Drops M37-11 through 15

IPos it ion SIacE Area Dimension Height
(See Diagram) W : L

A1  2.64 ft2 1.76'-] ,5' 6 in.

A2  3.26 ft2 0.91,3.62' 6 "

A4 1.25 ft 2  1.111.14' 6

2
f.d. (front diffr-.rential) 1.37 ft2 1.371-1.01 6 "

g.r. (gear reducer) 0 85 ft2 0.92'-0.92' 6

T• (Lransmission) 0.57 ft 0.85 ,0.85' "

r.d. (ruar diffuruntial) 1.37 ft- 1.17'',1.17' 6

'1Toal Hleight incluId.iny Cru';hing i iy K--. s = U9-1/2 1ijýilus

NOTE: Tle're wc-:u no wht,-ul stLck.;. Iuowuvr:., tUy were cushioned
by thu r.rip sy:tcnm as s i:n ii 'Jgy. 2.

NOTE: P. 3 7- 0 m ,.,-, -• du u s -4,, ý t .. ... ".....- :- " . ,K p.-. . ... t n U n ...
iii Fig. 1, howtwver, tihe stick areas; were larger to
providu for L, 20g design aicculurition.

i4
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each case. it was successfully driven off the cushioning after
the impact. It was also placed on the cushioning system and then
.1riven off without a drop being made to show that the vehicle
vould be removed from the cushioning without special equipment
ta case a mission. hiad to be aborted.

During this program of drops, some serious damage was done
to the truck. The left rear engine support was broken off the
hou'sing. As a consequence, the truck could not be put in gear
andi driven off the platform. After the truck was repaired,
the drop which produced the failure was repeated. No failure
occurred. So it is concluded that the failure was not caused
by one drop alone, but was a cumulative effect from the 12 pre-
vious drops of the vehicle.

Complete details of this investigation may be found in
the report entitle'd

Grcu'(d im7?ý a.? , ock , a tiatieo, I, !iV-Of "r Syr tern
DcuCZopM~nt, Ca rgo 2M.;1k, 3/4-Ton ,.'37, EMRL TF 1028,
August 1967.



PAPER IIONEYCOMB EVALUATION STUDIES

Military specifications for paper honeycomb to be used as
cushioning material have in the past been based on the assumption
that if paper weight, cell geometry, and glue line details are
specified, the material will have the desired strength and
energy dissipation capability. Wide variations were found,
however, in these characteristics for materials which met all
the specifications. This situation suggested that specifications
should be based on required crushing strength and energy dissi-
pation. This would in turn require some form of acceptance
testing. The Engineering Mechanics Research Laboratory at the
University of Texas and the U.S. Army Natick Laboratories were
designated as acceptable testing organizations. Since the
techniques employed by these two laboratories differ somewhat
and both techniques have a subjective element in the inte--pre-
tation of results, an extensive program of comparison between
the two techniques was undertaken. The data used for comparative
evaluation were obtained from parallel test prorams conducted
by the two facilities. Four l, - 18 inch (2 ft ) test samples
each, were cut at the Natick Laboratories from 3 ft. 8 ft.
honeycomb panels selected at random from a cont;actor's shipment.
Two of each of these sets of 4 were retained at Natick and tested
there. The other two were sent to the University of Texas and
tested there. Results of the Natick tests and the Natick
evaluation of the data were forwarded to thle University of Texas.
The primary basis Df comparison and evaluation is the stress-
strair. curve. Questions arisc because the stress and strain are
measured and recorded separately as functions of time. These
separate measurements are then combined to form the stress-strain
c11rve , Tho natures of the two separate functions of time make
it difficult to combine them in the stresu-strain curve with any
precision. it has been customarv in both laboratories to

"smooth" the force-time data by "hand fitting" the records. This
is equivalent to replacing the origi.nal data with new data from
which the violent oscillations typical of the original data have
been removed. A highly subjective procedure such as this is
difficult to defend in an acceptance test particularly if a ship-
ment of cushioning material, is being rejected.

In thc study which was made, a more objecti;e "least
squares" type of smoothing or fittLing procedure was used, as
well as the "hand smoothing" on both sets of data. Pesults were
then comparedl. It was found that the results of the two parallel
tuit pi•osyafiS Gee ls-d Ly t'he two laboratories i.•volve-e• .,re
not consisteŽnt o:. c sample by sampli. comparison. On a statisti-
cal average basis, the results wert: reasonaLly cons_.stent. It
did no': appear that in any cvent a ir it,,rial mighL rejected
b;- one laboratory and acceptud ly tc c.theu. Differences in thc

](.
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statistical results are attributable among other things, to the
relatively small statistical samples which were used.

Comparisons between the two sets of data and two different
methods of smoothing are given in terms of average crushing
strengths as follows.

"Least Squares" Curve Fitting

HONEYCOMB X EMRL Natick

Mean Values 6-72 psf T6"•3--psf

Standard Deviations 670 " 674

HONEYCOMB Y
LMRL Natick

Mean Values 10-87 psf lT -psf

Standard Deviations 563 " 1150

Tne mean values are within 4.2% of each other in the Honey-
comb X tests and 10% for Honeycomb Y tests.

"IHand Fitting"

HONEYCOMB X

EMRL Natick
Mean Values = psf 62r23Tsf

Standard Deviations 429 " 563

HONEYCOMB Y

EMRL Natick
Mean Values 11383 psf 1185pTsf

Standard Deviations 429 " 313

The mean values here are within l1 for Honeycomb X and
4.2% for Honeycomb Y.

The smaller standard deviations for the "ha.: fitting"
procedure, as compared to the "least squares" computur4zed fitting
procedure is attributed to the data analyzer's bui.. tr , ias
toward uniformity of results and his awareness of r4,:-. 'Ls he has
already obtained.

Although the results of this investigation indicate that
hand smoothing gives slightly wore consistent rusults, the more
objective "least squares" computer method of curve fittiny is
recommended for data reduction in acceptance testing. Pesults
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of this investigation are reported in detail in.

Z' r' o I;i C, - ;r .iC ! cTc 3
EMRL TP. 1013, Mlarch 1967

Thu2 techniques involved in honeycomb testing of the type
referred to here is toc difficult and the data reduction too
time cojns~lming to be satisfactory for acceptance testing. This
is especially true for manufacturers who might like to do their
own teosting in order to more closely control their plant output.
As a consequence of these considerations, the Engineering Mechanics
Research Laboratory was asked to design and build a prototype
testing device which would overcome as mnany as possible of the
oDjectlons to tho techniquos in use by the two laboratories, anid
wouldl be simple, reliable, and inexpensive. The device which was
built is shown in Fig. 3 and is described in detail in an
instructioni manual entitlad

Earlier studies of paper honc~'comb have shown thazt c~ ushiny
strength is essentially independent of impact velocity. Conse-
quently, the tester was, designed to ciive a maximumy impact- velocity
of 25 fps since this is obtained wit). a free fall of 10 feet.
1-0)! thiis much freec fall, aii overall height of about 12 feet is
required anid this height, it was assumed, wouloA be availabule in
most fabrication facihatics. The specified( crushing strength
for paper honeycomb is 6300 +i 900 psf. lience, the teste(-r was
dvýsigneid to produce at least 70'-, strain in a stack of two-: pads,
3 inches thick and 16 18I incties in size having that crushling
.,trenigth. All of these limitations in the capability of the
%.ester made it posstble to design a ver.? silmple dievice whlichi
glVe!S stress-btrain curves directly without the need of any re-
plot tin'j, or comibirniny of stress-time and strai-n-time- records.
Thu rxyidity of thŽ, impacting mass, which is a 561 lb.. solid
slab of steel, and the columns which guide. the fall of the inass
riioii;iiiez thu cxtrianeous s;ignals, which made ruduction of data

obtanedby theC earie~r techniiqLueS so difficult, arnd result in
smooth st-rcss-strarin curves; such as the cite illustrated inl Fig. 4.
Detai led workiny drawings and an ii'seruction b~ook -Lor operation
of tIhe tUSter'I hWavU Iben forwarded roj the Nati-ck. LýJ)or~atoraes;.
'Ihlesc me~iter al s are- available to ýir" inteurested organ ization1.

Izesu] ti of past studies of th'.. enercgy absorption characteris-
tics of pape~r honeiycomb wcre. summarized in a paper prese.,nted becfore
the- American Soc~iety Of Mecýhanic:al 11'tgineers Design Engineering

Con fere-n2ce in) 'lay 39~67 . 'ibis paper(-, has Leeni desifriated as C-7-
D1L-?1 b~y AI;and can b requestud fro.m Society hlluadquai tcrs bjy
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ANALYTTCAL STUDIES

No tangible progress has been made during this contract
period in the analytical studies of vehicle response to impul-
sive loading. The general philosophy of the analytical studies
started several years ago has been to analyze the structure
element by element until the action of the entire structure during
impulsive loading cail be predicted. in this vein, the simple
linear single-degree-of-freedom system was studied in detail.
This was followed by the non-linear single-degree-of-freedom
system and then the simplest multiple-degree-of-freedom system,
the elastic beam was studied. Also an analysis was made of the
response of a sprinq-mass system with crushable cushLoning
material parallelling the spring support. All of these studies
provided useful information and an increased understanding of
the way a complex structure reacts to impulsive loading. These
earlier studies stimulated an investigation which was continued
by Mr. Charles Ford, Ph.D. Candidate aftei he left the campus of
the University and was finally brought to conclusion in August
1967 as Mr. Ford's doctoral dissertation. This dissertation is
entitled

a Mcth;a for Uct rmin t;e :'2naic kesporse
(Pharac~cr~sic o]" Sgs tOPs 2nVCZOvin beams in

The problem considered in tne dissertation is the determination
of natural frequencies, mode shapes, steady state and transient
response of systems such as plane frame works, ccntinuous beams
and beams interconnected with lumped parameter systems. Thus, it
represents the most advanced extension of the original philosophy -

the element by element apnroach. Before this dissertattion was
completed, an arbitrary lumped parameter system with three and
then with five degrees of freedom was studied. Many computations
were made and many attempts were made to obtain some generalized
results, without success. The analysis bogged down in numbers.
This, eAcept for the dissertation noted above was the state of
affairs so far as analysis is concerned when the present investi-
gation began.

The first action t-k'n under Contract DA 19-129--AMC-582(N)
was a roccnniduuration of this earlier approach. After considerable
discussion and deliberation by the personnel involved, a modifi-
cation of the original approach was formulated. The essential
elements of the modified approach are (1) making full use of
the capabilitices of the high speed digital computer available
to the laboratory personnel and (2) reprcsentino the vehicle
with some type of mathematical model of a lumped parameter system.
The first question that arises is how simple, or how complex
should the mode] be. Three possibilities have been considered.

15
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Tl, se have boon called: (i) the "rule of timnb" nodelu, (2) the
"ccop-loetre model", and (3) the " limited model".

Ti'e " oule of thumb" model reouirc s experience and ol)scrvation
and represents, as might be expected, a simni if ied approach that
a designer can uLe to advantage. It does little, however, toward
givingl design direction from an optimization point of view.
Nevertheless, desian rules developed by this approach are useful
to the designer and will help produce velhicles better suited for
airdrop.

The "complete model" would represent an attempt to simulate
by a lumped parameter system virtually every detail of the
vehicle structure. No doubt such a model could be constucted.
Much of this sort of thing is done in the aircraft and missile
industry. However, the time and effort required to echleve a
satisfactory return make this approach impractical at the present
time.

To achieve results of any significance and to keep the
effoct w:-thin practical bounds, a compromise between the simplest.
and The most complicated models is recquired. A vehicle is a
structure made up of concentrated masses connected by flexible
beams. Cushioning techniques are intended to reduce the effects
of the masses on the rest of the structure. The "limited model'
is based on this same idea. The model consists, basically, of
the large lumped masses such as the engine, transmission,
differentials, winches, etc. linked by weightless beans.
Sm'aller components such as starters and generators whic]; arc
attached with very stiff fittings are considered as part of the
larger mass to which they are attached. The frame and structural
members are simulated by weightless, elastic beams with the proper
stitiness. Cushioning forces are considered to be applikd
directly to the large concentrated masses insofar as possible.
The vehicle is divided into several sections, each of which is
considered as a free body. Cushioning forces are applied to each
section in such a way as to make the resultant force pass through
the C.G. of the section. Equations of motion are written and
solved using matrix techniques and a digital computer. These
solutions would indicate:

i. The approximate coupilin, between the assumed free
body divsislons

2. Approximate maximum stresses and locacions of
these stresses within the structure

3. Expected acceleraticn levels of thu lumped masses

4 The approximate magnitudes of relative displacements
betw.en the masses in the structure.
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To test the model and provide realistic feedback for
orientation of studies acceleration levels of the lumped masses
are measured, and the coupling forces between the free bodies
are measured with strain qages. In some instances, relative
displacements might also be measured.

This "limited model" analysis essentially parallels the
method of cushioning design that has evolved through several
years of testing, ohservinq and relating drop predictions to
fact. The analytical procedure is a logical extension of the
cushioning design procedure (see the appendix of the report
G .U-,r . Iic%3 ,1 .!ti o , , ; , /'4-?Tm ;. , EMRL
TR 1011, December 1966). In turn, the design of military vehicles
that will be airdropped at some time should be a logical ext.ension
of both. From the concept of dividing the vehicle into sepa:;ate
cushionable free body subsections, with loadspreaders built in
during construction of the vehicle, to the design and placement
of smaller components within the vehicle, the ideas developed in
the program should provide a better basis for designs appropriate
to the problems encounteted in airdrop.
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of: t hoe Vehiacleos has bec-1 droppod riumn-crous timues, at hi gh ampact
ye lou iti us, andO Sonic at vai IoUU! angleus of inic Iiriata onl to LIhe
hot ixur[Ital . Sum. mainteniance wo~rk hla. be-en done(. but e-ver:jy vehicle-
WZý:; Olpcrati(ond1I1 whenI- th( test program wa.s compi utLed . Thu M37
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one side of the stamping and the block is on the other. Clear-
ances (Jetween these parts are extremtely small so that a~ very
sm~all ):clative displacement in the axial direction results in,
interference. Furthermore, t-he- motor is attached to this brace
above the crankshaft and the points of attachment to the frame.
This can result in a twisting mionent being applied to the brace
if there is SOMe axial acceleration of the motor. This can cause
interference and damage as the brace is twistedl by the resulting
moment. it is recomimended that all supports of this type be
dlesigned so as to minimixze bending and twisting moments. A stop
that would limit dlisplacurent in the axial dlirection would be
a worthwhile addition.

The motor supports have in general been s trong enough to
withstand average accelcrationLs as high as 25y. The one failure
that occurred was in the housing 'Co which the support bracket
was attached rather than in the bracket itself. This suggests
that these supports aro strong enough for impacts controuled
so as to apply the acceleratinq force uniformly .through all
the supports. However, if the impact oc':-urs in such a way as
to concentrate all of the force momentar.ly on one or two
supports, failure may occur. Rather than, make the supports much
stronger to guard against this eventualit.% , it is more cconvenient
and more economical to, provicic temporary support for the motor.
Nylon strapping is specified for addition-al motor support durirng
airdrop of some voehiclos. The installation and removal of
this teru~prar-ry strapping could Le greatly expedi ted if brackets
fire b)olted or wcelded to the frame for attaching these straps.
Somec guide lnsshould also be paintud on, the pan to show where
the auxil liary strapping should b.ear to properly distribute the
load and to take advantacie of any stiffcnurs that may be inside
the pan.,

2 * Some bond jr. l c r housjn s..rtwa

noted in the drops of the M37 truck. This was a cumulative damage,
that is, the support wa.5 bent Li little dluring each drop. This
jmpl ie5 that thei support is juost a I .ttt le: urder strength. All

3 ncrrease, of 10", in, strength ond rigidity wvould probably be
sufficie!nt to preveýnt any appreciable beniding of this su-.port.

3. Clchsin'j of the2 volltage regulator points during impact
such as was rioted ini the M37 test~s can be prevented by 1ie-!
or.juntinq the, regul ator with1 respect to tho direction of thc-
imp act . 'ItL is nct th2 closure it se If that c auses trouble. , it
is the fact that the_ pol nts stick arid then discharge tnu battery
that Causes the trouble. Consequently, it wculd be preferable
to) IleIve the regulator a l.ne arid ins tall a nmastLer switc.h which
wo)u!ld(iI.Oco~lliuct tUel Ualiter/ frolit the resc of the electrical
systemi hefere a orop . TPhis would p rotuct. the bat tery against:
d scharycý by any typu ol flkia fu on-Lct~o in; the systLem. After the
diulp and, til vkJhicie_ is ready for drive-off., tedriver simply
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closes t-he mast~er swit-ch to restore power to the electrical

4. In both the 3/4-ton truck and t~he 3/4-ton trailer,
the f loor of the bed w.as bent by he load of sand bags with which
the vehicles wecre droppcdl. TIhis bo-nding has no effect on the
operational characteri stics of the vehicle, but it can 1be
eliminated by making the floor our- of heavier gauge material or
by tie addition of stiffeners. Anothe- alternative, and one
which is preferable from the standpoint of airdirop technology,
is to provide some load bearing area underneath the vehicle which
a]llows the cushion reaction to be ap~plied directly to the bct-t m
of the bed, rather than through the frame.

5. Avoid stress concentrations, particularly irp ' high
stronqth, low ducti~lity materials. This would include such-
things as bolts with sharp changes in cross section. M1-ost of
the outright failures that have been observed occurred in bolts.

6. Avoid mountings in which largo moments will be
induced by a dynamic loading. This means that large masses shoiuid
not be- supported on cant ilever bea:.is, in the(- middle of plates, or
in the:. middle -)f long beams.

7. Avoid the usc of low dlucti1ity materials.

8. Provide unc-luttered areas beneath the main masses
to allow for direct cushioning of thesc masses. Veýhicles-i, such
as the M.151 Jeep which have all sorts of. devi-ces such a-- 5hDck
absorbers, torsicn b~ars, steering l-,nkagcs, stabiltzors, uLIi.'c
snz -s, clutterir g up the 'indernicath s~cof the vehicle ra}:

cu~in~"'Cvry 'fict.An impoitLant ucsign cieI. c
vehiclc'; that May ea irdrorp~cd shoul.d be, "how iS h lcain
and Losign of 'unrder the- body' parts goingj to afirect tLru U7lC!

in-g placement fur the vehicle". TIhc More clea cc:eariLnq area
for cush-,oninjý that can be provided iococath a ve'hiclfe-, the easier
the cushioning prcl)lcrný become-s. Such devices as Plates ordd ~
b)olted to L-he frame at appropriat -e spots would be(- very hel of c'
Vehi ole Ciesiancrs should requost a prel TIinary cushionaing ]ayoui.
for the vehicle and a conference withcl cushioning deLsign sei'I
before atep rgto locate hprln 11ates fur cushion inc, oiý t o
redesign the undersidc of' a vehicle to m'ake Cushi3orning aer

9 . Designers shoul d bear in mind that the PmaxinhLimn
possible. de-flection 3.n a 3s11mule Undamped spriny-mass sys term sub-

jectd t a piici onsantacceleration at the pointL
of suppo)(.rt is tw~ice the deflection which a slowly applied
acceleurationl of, the same-- amplitude. would produce . T11W ntmaximHum
is sel doni real Pizd becO.use true step type acce leratiLons are se dom
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applied in nature and there is always some damr!-;ng in the. system.
For example, if the application of a ccnstant 30q acceleration
proLluces a displacement of one inch. A sudden opplication of the
same acceleration could produce at most, a momontary two inch
-iefiection. on ýh(! other hand, if the acceleration reaches a
maximum value in a 'lime that is onc-fOUrth the natural period
of the system and the damping is 60% of critical, the maximum
deflection will be only about 1.1 inch.

10. beams carrying no masses can be regarded as lumped-
mass systems with a natural fre--ýuency equal to the fundamental
frequency of the beant.

11. A beam carrying a mass ca-n he regarded as a one
degree-of-freedom spring-masE system -with the mass of the beam
neglected if the mass carried .)y tl-,(-- beam is 10 times or more
the mass of the beam.
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